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(57)Abstract: 

PURPOSE: To provide the frequency mixer circuit which 
consists of a small number of elements and can operate 
with even a low voltage. 

CONSTITUTION: Transistors(TR) Q1 and Q2 are an 
unbalanced differential couple of TRs whose common 
connected emitters are set to a K:1 size ratio (K>1) and 
a constant current source 10 is driven, but a 1st AC 
signal (voltage VIN) is applied to the base of the Q1 and 
a 2nd AC current (voltage VLO) is applied to the base of 
the Q2. Here-IC1=(aFI0+AI)/2 and IC2=(aFI0-AI)/2 hold 
and IC1-IC2=AI includes the components of the sum of 
and difference between two frequencies fIN and fLO. 
The components of the sum of and difference between 
the two frequencies fIN and fLO are converted by a load 
resistance RL into voltages because of V0=VCC-RLIC2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2, **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] differential pair transistor which emitter size becomes from the transistor which is two 
[ different, respectively ]; ; by which it has the constant current source and; which drive the 
aforementioned differential pair transistor, and, as for the aforementioned differential pair 
transistor, the 1st alternating current signal is impressed to the base of one transistor, and the 
2nd alternating current signal is impressed to the base of the transistor of another side — 
frequency mixer circuit characterized by things 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the frequency mixer circuit which starts a 
frequency mixer circuit, especially is formed in a bipolar accumulation time on the street 
[0002] 

[Description of the Prior Art] The conventional frequency mixer circuit is the reference voltage 
VF of the current source (Q13) of the differential amplifier (Q11, Q12), as shown in drawing 2 . 
The 1st signalling frequency (voltage VIN) is made to superimpose, the composition which 
impresses the 2nd signalling frequency (voltage VLO) to the opposite input of the differential 
amplifier — or As shown in drawing 3 , it is the composition of impressing the 1 st signalling 
frequency (voltage VIN) to the 1st input pair of the analog multipliers 31, such as the Gilbert 
multiplier, and impressing the 2nd signalling frequency (voltage VLO) to the 2nd input pair. 
Hereafter, each circuit is explained in order. 

[0003] In drawing 2 , the current characteristic of the junction diode which constitutes a 

transistor is expressed with a formula 1. In addition, it sets to a formula 1 and is IE. An emitter 

current and information separator For the saturation current and q, a unit electron charge and 

VBE are [ a Boltzmann's constant and T of the voltage between base emitters and k ] absolute 

temperature. 

[0004] 

[Equation 1] 

Q Vbe 

Ie = Is {exp( ) - 1} 

kT 

[0005] if [ here ] VT =kT/q — VBE»VT it is . Therefore, in a formula 1 if exp(VBE/VT)»1, it is 
emitter-current IE. It can approximate like a formula 2. 
[0006] 
[Equation 2] 

I e — Is exp(— — ) 

V T 

[0007] At this time, it is collector-current IC13 of a transistor Q13. It becomes like a formula 3. 

[0008] 

[Equation 3] 

Vf +Vin 

Ici3 = I sis exp( ) 

Vt 

[0009] And constant current source 10 When it sets like a formula 4, it is collector-current IC13. 
It becomes like a formula 5. 
[0010] 
[Equation 4] 
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Vp 

Io = I sio exp( ) 

V T 

[0011] 
[Equation 5] 

VlN 

I ci3 — I o exp( ) 

Vt 

[0012] Moreover, input voltage VLO is the difference of the voltage VBE11 between base 
emitters of a transistor Q11, and the voltage VBE12 between base emitters of a transistor Q12, 
as shown in a formula 6. 
[0013] 
[Equation 6] 

Vbeii — Vbeis-- Vlo 

[0014] VBE11 and VBE12 — a formula 7 — said — 8 — like — assuming — moreover, the 
formula 7 — said — information separatorl 1 in 8 information separatorl 2 As shown in a formula 
9, when it assumes that it is equal, the input voltage VLO of a formula 6 can be expressed like a 
formula 10. [ then, ] 
[0015] 
[Equation 7] 

I Cl 1 

Vbbii= Vt In ( ) 

I si 1 

[0016] 
[Equation 8] 

I C12 

Vbbi2= Vt In ( ) 

I S12 

[0017] 
[Equation 9] 

I SI 1 = I S12 

[0018] 

[Equation 10] 

I Cl 1 

V T In ( ) = V LO 

I C12 

[0019] Moreover, alphaF When it is a current amplification factor, it is collector-current IC11. 

This IC12 The sum serves as a formula 1 1. 

[0020] 

[Equation 1 1] 

I Cl 1 + I C12 = Cl ft Ici3 

[0021] consequently, the formula 10 — said — collector-current IC1 1 from 1 1, and this IC12 a 

formula 12 — said — it can be found with 13 

[0022] 

[Equation 12] 

T - ^ F \ 013 

1 Cl 1 — XT 
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[0023] 

[Equation 13] 

_ <3t F I C13 

IC12- ~ 

1 +exp(^) 

V T 

[0024] Therefore, difference current deltah of both collector currents It can express with a 

formula 14. 

[0025] 

[Equation 14] 

A I 1 = I Cl "" I C2 

= «f I ci3 tanh (- 



2Vi 



[0026] Here, since tanhx is expressed like a formula 15 and exp x is expressed like a formula 16, 
when a formula 14 is developed using this, a formula 17 is obtained and the term of input voltage 
VIN and product VIN-VLO of this VLO is included in difference current deltah. 
[0027] 

[Equation 15] 

tanhx= x x 3 C | x I <1 ) 

3 

[0028] 

[Equation 16] 
exp x — 1 + 



x x 2 



1 ! 2 ! 



[0029] 

[Equation 17] 



V, N 1 V LO 1 vlo 



Ah =<*f Io(l+ +— —5-4- ) ( 

Vt 2 V? 2V T 3 8V? 

V LO 1 V LO Vim* Vlo V.n* Vlo Vin'Vlo 

2V T 24 V? 2Vr 24V? 4V? 

V,N*V LO 



4 8 V? 

[0030] Then, if a formula 18 and input voltage VLO are set for input voltage VIN like a formula 
1 9, product VIN-VLO will serve as a formula 20, and the sum of 2 cycle (fIN, fLO) and the 
component of a difference will be obtained. And the factor which specifies the frequency 
characteristic is the frequency characteristic (fT) of the transistor used chiefly so that clearly 
from a formula 20. That is, it is a frequency mixer circuit with a good RF property. 
[0031] 

[Equation 18] 

Vin= |Vin|cos 2 7rfi N t 
[0032] 
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[Equation 19] 

Vlo= I Vlo [ cos 2 7Z f lo t 
[0033] 

[Equation 20] 

Vin*Vlo= — I Vim I I Vlo I Ccos { 2 n ( f ik+ f lo) t} 

2 

+ cos {2 it ( f , N - f lo) t } ) 

[0034] here — IC11 and IC12 the oak and these which are differential current — a formula 21 — 
said — it is expressed 22 and ** (1/2) deltaM is included, respectively That is, IC11 IC12 What 
is necessary is just to carry out voltage conversion. At drawing 2 , it is IC12. Load resistance RL 
Voltage conversion is carried out. 
[0035] 

[Equation 21] 
1 

Icn= — Of I o + A I i ) 
2 

[0036] 

[Equation 22] 
1 

I C12 = — (tf F lo "All ) 

2 

[0037] Next, it sets to drawing 3 and is output voltage VO. It is expressed with a formula 23. In 

addition, in a formula 23, A is a unity gain. 

[0038] 

[Equation 23] 

Vo = AVinVlo 

[0039] this — a formula 18 — said — if 19 is substituted, a formula 20 and the same formula 24 
are obtained and this analog multiplier 31 is similarly used with the frequency mixer circuit 
[0040] 

[Equation 24] 

Vo = — I V, N I I Vlo I Ccos { 2 n (f,H+fio) t } 
2 

+ C0S {2 71 ( f in- f lo) t } } 

[0041] 

[Problem(s) to be Solved by the Invention] There are the following problems in the conventional 
frequency mixer circuit mentioned above. First, it is difficult to make a signal superimpose on a 
constant current source in the circuit shown in drawing 2 . Moreover, in the circuit shown in 
drawing 3 , since the circuitry of a multiplier has many transistor counts, NF deteriorates, and 
unless it makes circuit current increase, a good RF property is not acquired. 
[0042] The purpose of this invention can aim at reduction of degradation of NF, and is to offer 
the frequency mixer circuit from which a good RF property is acquired by the few consumed 
electric current. 
[0043] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, the frequency 
mixer circuit of this invention has the composition like a degree. That is, the frequency mixer 
circuit of this invention is a differential pair transistor which emitter size becomes from the 
transistor which is two [ different, respectively ].; Constant current source which drives the 
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aforementioned differential pair transistor; It has, as for the aforementioned differential pair 
transistor, the 1st alternating current signal is impressed to the base of one transistor, and the 
2nd alternating current signal is impressed to the base of the transistor of another side.; It is 
characterized by things. 
[0044] 

[Function] Next, an operation of the frequency mixer circuit of this invention constituted is 
explained like the above. A subject constitutes one differential pair transistor which emitter size 
becomes from the transistor which is two [ different, respectively ], i.e., the so-called unbalance 
differential pair transistor, from this invention. Therefore, reduction of the number of circuit 
elements can be aimed at, and degradation of NF decreases. Moreover, since it can operate by 
the low battery, a good RF property is acquired by the few consumed electric current. 
[0045] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
Drawing 1 shows the frequency mixer circuit concerning one example of this invention. This 
frequency mixer circuit is the constant current source 10 which drives one differential pair 
transistor (Q1, Q2) and this differential pair transistor. It has fundamentally, an alternating 
current signal (the 1st) (voltage VIN) is impressed to the base of one transistor Q1, and an 
alternating current signal (the 2nd) (voltage VLO) is impressed to the base of the transistor Q2 
of another side. 

[0046] here — a transistor Q1 — said — although the size (area) of the emitter by which 
common connection is made constitutes an unbalance differential pair transistor different, 
respectively, Q2 sets the emitter size ratio to Q1:Q2=K:1 (K> 1), and explains operation below 
[0047] Voltage V1 When it is input voltage VIN and the difference voltage of this VLO like a 
formula 25, it is this difference voltage V1. It is the difference of the voltage between base 
emitters of both transistors like a formula 26. 
[0048] 

[Equation 25] 

Vi = Vin-Vld 

[0049] 

[Equation 26] 

Vl = VbEI ~~VbB2 

[0050] here — the voltage between base emitters of both transistors — the aforementioned 

formula 7 — said — the same formula 27 as 8 — said — it can express with 28 

[0051] 

[Equation 27] 

Ici 

Vbbi = Vt In 

I SI 

[0052] 

[Equation 28] 

I C2 

Vbb2 ^ Vt In 

I S2 

[0053] And about the saturation current information separator 1 and this information separator2, 

since an emitter size ratio is K, it is connected like a formula 29. 

[0054] 

[Equation 29] 

I SI — K I S2 

[0055] Therefore, the ratio of collector-current IC1 of both transistors and this IC2 serves as a 
formula 30. 
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[0056] 

[Equation 30] 

1 Ici Vi 

— = exp ( ) 

K I C2 V T 

[0057] Moreover, alphaF When it is a current amplification factor, the relation of a formula 31 
between a constant current source 10, and collector-current IC1 of both transistors and this IC2 
is. 

[0058] 

[Equation 31] 

I CI + I C2 = <tv I O 

[0059] therefore, collector^current IC1 of both transistors and this IC2 — a formula 32 — said - 

- it can be found with 33 
[0060] 

[Equation 32] 

CCv I o 

I ci— i \? 

i 

[0061] 

[Equation 33] 

_ gp I o 

1 C2— U 

1+K exp (^) 

[0062] Here, it is VT about K. VK concerning this invention VK which will start this invention if it 

uses and a definition is given like a formula 34 It can express like a formula 35. 

[0063] 

[Equation 34] 
Vk 

K= exp( ) 

V T 

[0064] 

[Equation 35] 
Vk = Vt InK 

[0065] then, the formula 32 — said — 33 — respectively — a formula 36 — said — it can 

rewrite with 37 

[0066] 

[Equation 36] 

j _ a? I o 

l+exp(- Vl + Vk ) 

V T 

[0067] 

[Equation 37] 

j _ flr I o 

l+ex P ( V * ) 

[0068] Therefore, difference current deltal of both collector currents can be expressed as a 

formula 38. 

[0069] 
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[Equation 38] 

A I = I Cl — I C2 

V, +V„ 

= a v Io tanh ( ) 

2V T 

[0070] And when it develops using the aforementioned formula 15, it becomes a formula 39 and 
is the difference voltage V1 in difference current deltal. The term of a square is included. This is 
given with the aforementioned formula 25. then, input voltage VIN and this VLO — the 
aforementioned formula 18 — said — if a definition is given like 19 — difference voltage V1 A 
square can be found with a formula 40. 
[0071] 

[Equation 39] 

Vi +Vk 1 (V, +Vk) 3 

AI=a F Io { 5 > 

2V T 3 8 V? 



a v Io {— — s-(V* +Vk +3V k V? +3Vk V,)-} 

2V T 24V? 

Cl p I O 1 3 1 2 1 2 1 2 1 2 

{ Vk Vt Vk + (— V K V T )Vt +— Vk Vi 



V? '2 4 " 2 " 8 2 8 

1 3 

+ V, > 

24 

[0072] 

[Equation 40] 

V? = CVin-V L0 ) 2 

= ( I Vin I cos 2 n f in t - | Vxo I cos 2 rc f lo t ) 3 
= I Vin I 2 cos 2 2 n f , N t + I Vlo I 2 cos 2 2 ?r f lo t 

— 2 I V in I I Vlo I cos 2 tt f in t cos 2 tt f lo t 

1 1 1 

= — I Vin I 2 +— I V LO I 2 H I Vin I 2 COS 2 7T ( 2 f in) t 

2 2 2 

+ — I Vlo I 2 CDS 2k C 2 { lo) t - | Vin | | Vlo I COS 2 It ( f in 
2 

+ f lo) t - I Vim I I Vlo I COS 2 7t ( f in~ f lo) t 

[0073] That is, the sum of 2 cycle (fIN, fLO) and the component of a difference are contained in 
difference current deltal. since both collector-currents IC1 and this IC2 are differential current 
here — respectively — a formula 41 — said — it can express 42 
[0074] 
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[Equation 41] 
1 

Ici= — (a F Io+AI) 
2 

[0075] 

[Equation 42] 
1 

I C2= — Cap Io-AI) 
2 

[0076] Therefore, output voltage VO It can be found with a formula 43 and the sum of 2 cycle 
(fIN, fLO) and the component of a difference are load resistance RL. It is changed into voltage. 
[0077] 

[Equation 43] 

Vo = VcC~ Rl. I C2 
1 

= Vcc Rda ¥ I o -A I ) 

2 

1 1 

= Vcc a? Io Rl +-Rl A I 

2 2 

[0078] In addition, even if it changes difference current deltal and collector-current IC1 into 
voltage, it is the same, and in any case, there is little consumed electric current, and, moreover, 
a frequency mixer circuit with the good frequency characteristic is obtained at it. 
[0079] 

[Effect of the Invention] Since one differential pair transistor which emitter size becomes from 
the transistor which is two [ different, respectively ], i.e., the so-called unbalance differential pair 
transistor, was constituted to the subject according to the frequency mixer circuit of this 
invention as explained above, reduction of the number of circuit elements can be aimed at, and 
operation becomes possible by the low battery. Consequently, it is effective in the ability to offer 
the frequency mixer circuit from which degradation of NF decreases and a good RF property is 
acquired by the few consumed electric current. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of the frequency mixer circuit concerning one example of 
this invention. 

[Drawing 2] It is the circuit diagram of the conventional frequency mixer circuit. 

[ Drawin g 3] It is the circuit diagram of the conventional frequency mixer circuit. 

[Description of Notations] 

Q1 Transistor 

Q2 Transistor 

10 Constant current source 

VIN Input voltage 

VLO Input voltage 

VO Output voltage 

VCC Supply voltage 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 



03/05/01 



1/1 ^— V 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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